deformity documented on neutral plain radiographs underwent anterior decompression, angular correction, and fusion with anterior cervical plate fixation. There were 17 men and 11 women with a mean age of 57 years (range 37-89 years). Seven patients had radicular symptoms in addition to myelopathy. The underlying disease entity was spondylosis in 24 patients and traumatic VB fracture, neoplastic involvement, acute disc rupture, and discitis in one patient each. Five patients had previously undergone an anterior decompressive procedure performed for persistent kyphotic deformity and progressive myelopathy. There was cervical spinal canal narrowing in all patients. The patient characteristics and preoperative sagittal spinal alignment data are detailed in Table 1 .
Surgical Technique
Nine patients underwent corpectomy procedures, 17 underwent discectomies, and in two acrylic implants were placed for metastatic disease and osteoporotic collapse. Of the 17 patients who underwent discectomy, five received single-level grafts, five two-level grafting, and seven threelevel grafts. The specific surgical technique performed depended on the pattern of canal stenosis. Those patients with cord compression at the level of the discs but in whom canal dimensions were otherwise preserved underwent multilevel intervertebral decompressions (Fig. 1) . Those with more diffuse anterior compression underwent corpectomy procedures. Once decompression had been achieved deformity correction was performed. This was achieved through axial traction combined with wedge-shaped grafts fashioned to correct the local sagittal angle to between 0 and Ϫ4˚. There is a paucity of information on normal sagittal alignment, with wide normal ranges reported in the literature. 16 This range was selected because it was within the normal range without requiring an excessive correction. The grafting technique used was a Smith-Robinson type with preservation of the anterior VB endplates and insertion of tricortical iliac crest autografts 35 followed by application of Codman anterior cervical plates (Codman, Johnson & Johnson Professional, Inc., Raynham, MA) to act as a buttress. Screws were placed into the intervening VBs in multilevel constructs.
Patient Assessment
Patients were assessed clinically and radiologically. Clinical assessment was performed using a modified Japanese Orthopaedic Association Myelopathy Score (Table  2 ). This measure was selected because it provides a more comprehensive measurement of myelopathy than the commonly used Frankel 14 or Nurick 29, 30 classifications. A descriptive Present Pain Intensity score (Table 3 ) was used to assess neck pain. Clinical and radiological assessments were performed preoperatively and postoperatively and at all follow-up visits. Sagittal angles were determined locally and regionally on neutral lateral cervical spine radiographs while the patient was standing upright. Local sagittal angle was assessed using lines drawn parallel with the cranial endplate of the most cranial vertebra in the diseased segment and through the caudal endplate of the most caudal vertebra in the diseased segment; the angle was defined as the angle between the lines (Fig. 2 left) . The regional sagittal angle was determined using lines drawn parallel to the caudal endplate of the C-7 vertebra and the cranial endplate of the C-3 vertebra (Fig. 2 right) . The angle between these lines was defined as the regional sagittal angle. 8, 27, 28 A negative angle was defined as a lordotic curve and a positive angle as kyphotic. An angle of 0˚ indicates a straight spine and was defined as neutral.
Statistical Analysis
Nonparametric tests were used to compare variables. Continuous variables were assessed using the Wilcoxon rank-sum test. Categorical variables were compared with the Mann-Whitney U-test. Differences with a probability value of less than 0.05 were considered statistically significant. Commercially available software (SPSS, Inc., Chicago, IL) was used for the statistical calculations.
Results

Clinical Outcome
Twenty-six of the 28 patients underwent a minimum of 18 months of follow up (mean 25 months, range 18-42 months). Two patients died during the follow-up period.
One died on postoperative Day 4 of myocardial infarction and was excluded from further analysis. The other patient died 3 months postoperatively of pneumonia but had recovered well from surgery itself. Data obtained at the most recent follow up prior to death were used in the evaluation of this patient.
Follow-up evaluations occurred 6 weeks following surgery and then at 6-month intervals. Neutral lateral cervical spine radiographs were obtained at each clinic visit with the patient standing upright (Fig. 3) . Sagittal angle was estimated by two independent investigators.
In 11 patients (41%) there was an improvement in their myelopathy scores, in 15 (56%) the scores remained stable, and in one (4%) the score deteriorated. The significance of the improvement was fair or marginal in seven cases, good in one, and excellent in four, based on the criteria proposed by Miyazaki and Kirita. 27 Cervical pain scores were similar before and after surgery. Age had no relationship to preoperative myelopathy scores or to the change in myelopathy score. The number of levels fused 0  no pain  1  mild pain  2  discomforting  3  distressing  4  horrible  5  excruciating was not related to improvement in myelopathy scores (Tables 4 and 5) .
Procedure-Related Complications
In addition to the two deaths (7%), three patients (11%) experienced complications. One patient developed infection necessitating plate removal and posterior instrumentation with lateral mass plates. This patient proceeded to develop fusion without loss of correction in sagittal alignment. Two patients experienced prolonged dysphagia, in one of whom a screw had loosened; both had improvement in their symptoms following removal of the plates and screws. Both of these patients retained their correction and had good outcomes.
Follow-up imaging demonstrated persistent canal compromise in one patient (4%), who then underwent posterior decompression and lateral mass plate fusion. This patient had no change in myelopathy score from either procedure.
Radiological Outcome
Local and regional sagittal angles were assessed independently by two investigators. There was a close correlation between the two observers' measurements, and the sagittal angle was defined as the mean of the two measurements.
In 26 patients (96%) there was a change in their local sagittal angle toward lordosis, with a mean correction of Ϫ14˚ (range Ϫ43 to 1˚). In one patient (4%) there was progression of local kyphotic deformity of 1˚. The mean postoperative local sagittal angle was Ϫ2˚ (range Ϫ18 to 22˚). There were four patients (15%) with a persistent kyphotic local angle; one of these had improvement of one point in myelopathy score following the decompression procedure. Twenty-three patients (85%) had neutral or lordotic angles postoperatively. One (4%) of these experienced deterioration in myelopathy of one point despite adequate decompression. Eleven patients (48%) experienced improvement in their myelopathy (two patients improved one point, five improved two points, one improved three points, and three improved five points). In seven patients (26%) there was 20˚ or more of change in the local angle; of these, one patient experienced deterioration in myelopathy score of one point and two patients had a two-point improvement in myelopathy score. If the angular correction was considered on a "per level fused" basis, however, the patient who deteriorated postoperatively in myelopathy score was the only one in whom more than 20˚ of local correction was achieved. Improvement in myelopathy score was significantly associated with a local postoperative neutral or lordotic angle to Ϫ4( p = 0.04, Mann-Whitney U-test).
The mean postoperative regional kyphotic angle was Ϫ1( range Ϫ16 to 24˚). The mean correction was Ϫ11˚ (range Ϫ41 to 19˚). Seven patients (26%) remained in regional kyphosis following surgery: two of these had local FIG. 3 . Postoperative lateral neutral radiograph obtained in a patient who underwent intervertebral decompression with wedge grafts that were placed to reduce the deformity. The plate with screws placed into the intervening VB is illustrated.
FIG. 2. Preoperative lateral neutral radiographs with local (left)
and regional (right) sagittal angle measurement illustrated. Note the instability associated with this kyphotic deformity, which explains the myelopathy despite the relatively mild canal stenosis seen in Fig. 1 left. lordotic angles, one had a neutral local angle, and four had persistent kyphotic angles. The regional kyphotic deformity progressed in four patients despite local lordotic correction in three. The change in local sagittal angle was greater than the change in regional sagittal angle in 12 patients and less than the regional angle in eight patients.
One patient with local kyphosis and regional lordosis underwent lordotic change at the local level but had compensatory regional kyphotic change. Overall this patient retained a lordotic alignment and had improvement in myelopathy score.
There was a trend toward greater improvement in myelopathy scores with lordotic regional angles; however, this did not reach statistical significance.
The preoperative myelopathy score was not related to regional or local sagittal angle. The myelopathy severity was evenly spread across the range of sagittal angles (Table 1) .
Increasing age did not preclude patients from achieving improvement in their myelopathy scores. In addition, increasing age was not related to neck pain. The number of levels treated and the presence of previous surgery was not significantly correlated with improvement in myelopathy or pain scores.
Discussion
The relationship between sagittal alignment and spinal cord function has not been consistently documented. Some authors have noted progression in kyphotic deformity without the development of myelopathy. 16, 22, 24 Additionally, progression of myelopathy following anterior decompression and fusion has been noted. 12 The presence of kyphotic sagittal alignment results in increased loads on the anterior cervical spine with acceleration of degeneration at adjacent segments; 20 this may be associated with the development of cord compression.
Persistence of both regional and local kyphosis was associated with reduced improvement in myelopathy scores in this study, whereas patients with a lordotic posture locally and regionally had a better chance of improving their myelopathy scores. Maintaining normal cervical anatomy with its lordosis in this region of prominent movement may optimize the cord function. 31, 38, 39 A number of authors have hypothesized reasons for progressive myelopathy with kyphotic posture in the cervical spine. 5, [25] [26] [27] 30, 34, 41 The anterior aspect of the cord, in the dynamic cervical spine, is protected from contact in a lordotic posture and this may assist in recovery of cord function. Additionally, when the cervical spine is in the kyphotic position the cord may be under tension and this may affect regional blood supply, venous drainage, and neuronal function. The benefit from fusion with a reduction in movement may be enhanced with diminished tension in the cord with a lordotic posture facilitating a greater improvement in cord function. 1, 3 Greater improvements in cord function were realized when smaller modifications in local sagittal angle were made (the patient whose myelopathy deteriorated following surgery was the one with the greatest local correction per level fused). This could be related to a number of factors. Patients with smaller corrections had, on average, less severe kyphotic deformities and the potential for recovery in this group with lesser deformities may be greater. The chance of intraoperative cord injury may be increased with greater degrees of angle correction because of surgical manipulation. Alternatively, with greater correction, the chance of some degree of distraction may be greater, causing the cord to be under axial strain. This axial strain may be transient at the time of surgery or chronic, related to bone grafting to maintain the corrected angle. The cord is able to tolerate a certain amount of axial strain but reaches a point where there is decompensation and loss of function. 37 If the facet joints resist distraction, an increase in anterior height may be associated with in- buckling of the ligamentum flavum, and this may result in canal compromise. The correction of local kyphotic deformity had a variable effect on the regional sagittal alignment. Some cases continued to progress with regional kyphosis despite local correction, whereas others had a greater regional correction than local correction, resulting in lordotic posture. The failure of local correction to stop progression of regional kyphosis may be due to ongoing biomechanical forces and altered tonic muscular activity.
Correction of kyphotic deformity had no impact on neck pain scores in this study. Neck pain has been variably relieved following correction of kyphotic deformity as reported in previous studies. 19, 40 The reasons for this range of findings may be due to differences in the indications for surgery. Neck pain in our group was only a secondary consideration, with the primary indication for surgery being myelopathy. Neck pain following correction may come from a number of sources. The load on the facet joints in kyphosis may be less and correction may increase this load resulting in more facet joint-related pain. An additional reason may be altered biomechanics inducing altered muscular balance resulting in muscle-related pain.
Similar improvement in myelopathy scores was seen in younger and older patients, suggesting that older patients should not be excluded simply on the basis of age from having corrective surgery. The morbidity associated with correction of deformity and the placement of an anterior cervical plate is low and these patients had a similar rate of improvement in this series.
Conclusions
In a select group of patients with progressive myelopathy and kyphotic deformity, the correction of local sagittal alignment may assist in maximizing the chances of recovery of spinal cord function.
